ABSTRACT. In skeletal myogenic differentiation, myoblasts fuse with myogenic cells spontaneously, but do not fuse with non-myogenic cells either in vivo or in vitro, suggesting that the fusion of myoblasts with non-myogenic cells is unsuitable for differentiation. To understand the inevitability of the fusion among myoblasts, we prepared heterokaryons in crosses between quail myoblasts transformed with a temperature-sensitive mutant of Rous sarcoma virus (QM-RSV cells) and rodent non-myogenic cells, such as tumor cells, fibroblasts, or neurogenic cells by HVJ (Sendai virus) and examined how myogenic differentiation was influenced in the prepared heterokaryons, focusing on myogenin expression and myofibril formation as markers of differentiation. When presumptive QM-RSV cells were fused with non-myogenic cells by HVJ and induced to differentiate, both myogenin expression and myofibril formation were suppressed. When myotubes of QM-RSV cells that had already expressed myogenin and formed myofibrils were fused with non-myogenic cells, both myogenin and myofibrils disappeared. Especially, fibrous structures of myofibrils were significantly lost and dots or aggregations of F-actin were formed within 24 hr after formation of heterokaryons. However, the fusion of presumptive or differentiated QM-RSV cells with rodent myoblasts did not disturb myogenin expression or myofibril formation. These results suggest that mutual fusion of myoblasts is indispensable for normal myogenic differentiation irrespective of the species, and that some factors inhibiting myogenic differentiation exist in the cytoplasm of non-myogenic cells, but not in myoblasts.
Skeletal myoblasts fuse together spontaneously to form multinucleated myotubes as a final step of their sequential differentiation which involves multiple steps (Knudsen and Horwitz, 1977; Bischoff, 1978; Wakelam, 1985) . Concomitant with this drastic morphological differentiation, muscle regulatory factors, such as MyoD and myogenin begin to operate (Weintraub, 1993; Olson and Klein, 1994) , and myoblasts start to differentiate biochemically. Muscle-specific proteins such as a-actin, myosin, and creatine kinase, which are needed for the mature structure and function of muscle, begin to be expressed, myofibrils are constructed, and myotubes mature into muscle fibers (Yaffe, 1971; Wakelam, 1985; Kaufman and Foster, 1988) .
We have been studying myogenic differentiation, mainly focusing on the step of myoblast fusion for myotube formation, using quail myoblasts (QM) transformed with a temperature-sensitive mutant of Rous sarcoma virus (RSV), QM-RSV cells (Kim et al., 1992a, b; Saiuchi et al., 1993; Hyodo and Kim, 1994; Kim et al., 1995; Inoue-Hyodo and Kim, 1996; Hirayama et al., 1997; Isobe et al., 1998; Hirayama et al., 1999 Hirayama et al., , 2000a . The differentiation of QM-RSV cells can be controlled by the culture temperature (Kim et al., 1992a, b) . The cells remain in the presumptive state and continue to proliferate at 35.5°C, a permissive temperature for RSV, but do not differentiate. However, the cells begin to differentiate on shift up to 41°C, a non-permissive temperature for RSV. After shift up to 41°C, the cells express myogenin from about 8 hr (Hirayama et al., 1997; Isobe et al., 1998) , acquire commitment for myotube formation in 10-12 hr (Kim et al., 1992b) , and form myotubes within 24 hr (Kim et al., 1992a, b) . Myofibrils are constructed with mature myotubes (Kim et al., 1995; Hirayama et al., 2000a) .
For analysis of myotube formation, we prepared artificial myotubes from presumptive QM-RSV cells cultured at 35.5°C and artificially fused with each other by HVJ (Sendai virus) , and compared these artificial myotubes with spontaneous myotubes formed at 41°C (Saiuchi et al., 1993; Kim et al., 1995) . We found that myofibril formation was abnormal in the artificial myotubes; peculiar rod-or roundshaped structures of F-actin, so-called actin bodies were formed, suggesting that morphological change to a myotube-like shape alone is not enough for normal differentiation and that the ordained program of differentiation is very important (Kim et al., 1995) . Furthermore, it has also been shown that the cell membrane of myoblasts loses rigidity and become capable of fusion during differentiation (Hirayama et al., 1999 (Hirayama et al., , 2000b . As a result, myoblasts fuse spontaneously even with different species of myoblasts (Hirayama et al., 2000b) . This phenomenon appears specific for myogenic cells; myoblasts fuse only with myogenic cells, not with non-myogenic, somatic cells, even though the myoblasts obtain fusion-ability (Hirayama et al., 2000b) . This fact seems significant in relation to skeletal muscle development. In muscle development in vivo, myoblasts never fuse with non-myogenic cells, although the differentiation of myoblasts progresses in cooperation with other kinds of cells, such as neurogenic cells, adipocytes, or bone cells. Also, in primary cultures of myoblasts in vitro, myoblast fusion for myotube formation always occurs among myoblasts; myoblasts do not fuse with non-myogenic cells. These observations indicate the inevitability of mutual fusion of myoblasts. It is conceivable that fusion of myoblasts with non-myogenic cells may be prohibited and unsuitable for normal muscle differentiation. To obtain a clue as to why the partners for fusion must be myogenic cells for myoblasts in myotube formation, we tried to fuse myoblasts with non-myogenic cells with HVJ and observed how myogenic differentiation is influenced in the heterokaryons. We used QM-RSV cells from avian myoblasts and Ehrlich ascites tumor (EAT) cells from rodents as non-myogenic cells, because heterokaryon formation can be easily distinguished by the staining patterns of the nuclei with Hoechst 33258. The expression of myogenin, a muscle regulatory factor, and myofibril formation were examined as markers of myogenic differentiation in the prepared heterokaryons. We found that these phenotypes were suppressed in the heterokaryons in crosses between QM-RSV cells and rodent non-myogenic cells, but not in crosses between QM-RSV cells and rodent myoblasts.
Materials and Methods

Cells and cell culture
Quail myoblasts (QM) transformed with a temperature-sensitive mutant of Rous sarcoma virus (RSV), QM-RSV cells, were prepared and cultured as described previously (Kim et al., 1992a, b) . Dulbecco's modified Eagle's medium (DMEM) plus 2 mM glutamine and antibiotics was used as culture medium. This medium was supplemented with fetal bovine serum (FBS) at 20% as growth medium (GM) and at 5% as differentiation medium (DM). The cells were routinely cultured on collagen-coated plastic dishes in GM at 35.5°C. When differentiation was induced, the cells were precultured in GM at 35.5°C for 24 hr and then the culture temperature was shifted to 41°C.
Ehrlich ascites tumor (EAT) cells were propagated in the abdomen of mice and harvested just before use (Kim and Okada, 1980; Hirayama et al., 1999) . A31 cells, Balb/3T3 fibroblasts (Aaronson and Todaro, 1968) , were cultured in DMEM containing 10% FBS at 37°C and harvested from the dishes with a mixture (1:1 volume) of 0.25% trypsin and 0.02% EDTA in phosphate buffered saline (PBS; 8 g/l NaCl, 0.2 g/l KCl, 2.9 g/l Na2HPO412H2O, and 0.2 g/l KH2PO4). PC12 cells from a pheochromocytoma (Greene and Tischler, 1976) were cultured in minimum essential medium (MEM) containing 10% calf serum and harvested by pipetting.
G8 mouse myoblasts were purchased from the American Type Culture Collection (ATCC, Rockville, MD, USA) and cultured in DMEM supplemented with 10% FBS and 10% horse serum on collagen-coated plastic dishes at 37°C (Christian and Nelson, 1977) . The cells were harvested with 0.125% trypsin in PBS at room temperature for passage or use for heterokaryon formation. H9C2 rat myoblasts were also obtained from ATCC and cultured in DMEM containing 10% FBS on collagen-coated dishes at 37°C (Kimes and Brandt, 1976) . The cells were harvested in a mixture (1:1 volume) of 0.06% trypsin and 0.02% EDTA in PBS.
Virus
The preparation of hemagglutinating virus of Japan (Sendai virus, HVJ, Z strain) was described elsewhere (Kim et al., 1979 (Kim et al., , 1990 . Virus was diluted to 500 HAu (hemagglutination units)/ml for fusion with EAT, PC12, and H9C2 cells or 1,000 HAu/ml for A31 and G8 cells with PBS plus 1 mM CaCl2 and 1 mM MgCl2 (PBS(+)). The infectivity of HVJ was inactivated by irradiation with ultraviolet rays for 2 min (1 min´2) before the fusion reaction. The fusion activity of the virus was not affected by this treatment.
Preparation of heterokaryons
QM-RSV cells were seeded at a concentration of 2´10 5 cells/35 mm-diameter dish in GM and precultured for 24 hr at 35.5°C. EAT and A31 cells were suspended in PBS(+) at a concentration of 10 7 cells/ml and G8, PC12, and H9C2 cells were suspended at a concentration of 5´10 6 cells/ml, respectively. The QM-RSV cells were washed once with PBS(+), and then 200 ml of HVJ suspension was added and virus virions were adsorbed onto the cell surfaces for 5 min at 4°C. The cells were washed once with PBS(+) to remove un-adsorbed virus and then, 200 µl of cell suspension of EAT, A31, PC12, G8, or H9C2 cells was overlaid onto QM-RSV cells treated with HVJ. When virus or other cells were not added, an equal volume of PBS (+) was overlaid instead of virus or cell suspension. The cells were left for 30 min at 4°C, occasionally tilting the dishes, and washed twice with DMEM to exclude non-adherent cells. Then, GM was added and culture was continued for 3 hr at 35.5°C to allow formation of multinucleated cells. The cells were again washed once with DMEM, the medium was changed to DM, and the culture temperature was shifted up to 41°C.
When differentiated QM-RSV cells were fused with other kinds of cells by HVJ, QM-RSV cells were differentiated at 41°C for 48 hr, and then, were fused with other cells in the same way as for fusion with presumptive QM-RSV cells except that the cells were cultured at 41°C in DM.
Fluorescence staining
Nuclei, F-actin, and myogenin were triply stained as described previously with some modifications (Kim et al., 1995; Isobe et al., 1998) . The cells were fixed with 3.7% formaldehyde in PBS for 30 min at 4°C and then permeabilized with 0.5% Triton X-100 for 5 min at 4°C. The cells were treated with a mixture of mouse serum against chick myogenin (´100) and the supernatant of a hybridoma, F5D, that produces an antibody to rat myogenin, for 1 hr at 4°C. Mouse serum to chick myogenin was prepared in our laboratory (Isobe et al., 1998) and did not react with rodent myogenin. F5D developed by Dr. W. E. Wright (University of Texas Southwestern Medical Center, Dallas, TX, USA) (Wright et al., 1996) was obtained from the Developmental Studies Hybridoma Bank (DSHB) maintained by the University of Iowa (Department of Biological Sciences, Iowa City, IA). The monoclonal antibody from F5D did not react with quail antigen. The cells were treated with a mixture of a fluorescein isothiocyanate (FITC)-conjugated goat IgG fraction to mouse immunoglobulins (Cappel Research Reagents, ICN Pharmaceuticals, Inc., Aurora, OH, USA) for myogenin, rhodamine-conjugated phalloidin (Molecular Probe, Inc., Eugene, OR, USA) for F-actin, and Hoechst 33258 (Polysciences, Inc., Warrington, PA, USA) for the nuclei. Observations were performed with a Universal Fluorescence Microscope (Carl Zeiss, Oberkochen, Germany) and photographs were taken with TriX-400 (Eastman Kodak Comp., Rochester, NY, USA).
Results
Preparation of heterokaryons between presumptive QM-RSV cells and Ehrlich ascites tumor cells
To understand the necessity of the fusion of myoblasts in myogenic differentiation, we prepared heterokaryons between QM-RSV cells and Ehrlich mouse ascites tumor (EAT) cells as non-myogenic cells with HVJ. Presumptive QM-RSV cells were first fused with EAT cells that are very susceptible to fusion induced by HVJ (Kim and Okada, 1980; Hirayama et al., 1999) .
QM-RSV cells were precultured for 24 hr at 35.5°C and treated with HVJ. Then, EAT cells were overlaid and adsorbed onto QM-RSV cells (Fig. 1a) . EAT cells adhered to QM-RSV cells by mediation of HVJ even after washing (Fig. 1a, arrows) , but they did not adhere to QM-RSV cells that were not treated with HVJ (data not shown). These cells were further incubated for 3 hr at 35.5°C (Figs. 1b and c) . Incubation for 3 hr was enough for formation of multinucleated cells with HVJ (Saiuchi et al., 1993; Kim et al., 1995) and unfused EAT cells were washed out after the incubation. Multinucleated cells were obtained in cultures treated with HVJ (Fig. 1b, arrow) , but not in cultures without HVJ (Fig. 1c) . Heterokaryons between QM-RSV and EAT cells included in the culture were confirmed by staining with Hoechst 33258 as shown in Fig. 2 (see below). When QM-RSV cells were treated with HVJ in the absence of EAT cells, multinucleated cells, homokaryons of QM-RSV cells, were also formed (Fig. 1d, arrows) . Heterokaryotic multinucleated cells were flatter than control homokaryons of QM-RSV cells (compare a multinucleated cell indicated by an arrow in Fig. 1b with homokaryons in Fig. 1d ).
The heterokaryons in the culture shown in Fig. 1b were easily distinguished by the different staining patterns with Hoechst 33258 of avian and rodent nuclei. As shown in Fig.  2A -b, avian nuclei from QM-RSV cells were stained uniformly and characterized by generalized low level fluorescence (arrows). On the other hand, rodent nuclei from EAT cells appeared punctuated and were usually bigger than avian ones ( Fig. 2A-b, arrowheads) . On incubation of QM-RSV cells treated with HVJ and EAT cells, the resulting fused cells were mostly heterokaryons. The rate of formation of heterokaryons in crosses between QM-RSV and EAT cells to total multinucleated cells reached about 90% in the culture shown in Fig. 1b or Fig. 2A .
Disturbance of myogenin expression and myofibril formation in heterokaryons between presumptive QM-RSV and EAT cells
The heterokaryons between QM-RSV and EAT cells (Fig.  1b and Fig. 2A ) or control homokaryons of QM-RSV cells (Fig. 1d) were differentiated at 41°C, a condition for differentiation of QM-RSV cells, and we observed how myogenic differentiation was influenced in the heterokaryons, focusing on two markers, the expression of myogenin and myofibril formation by fluorescence staining using rhodaminelabeled phalloidin for F-actin and a mixture of anti-chick and anti-rat myogenin antibodies (Fig. 2) . Just before shift up to 41°C, myogenin were not expressed in either heterokaryons ( Figs. 2A-d ) or control homokaryons (data not shown). The distribution of dot-or stress fiber-like F-actin was observed both in hetero-and homokaryons ( Fig. 2A-c) , however, the dotlike or punctuated distribution seemed to be more significant in the heterokaryons.
These hetero-or homokaryons were cultured at 41°C for 48 hr to induce differentiation (Figs. 2B and 2C) . In homokaryons of QM-RSV cells, myogenin began to be expressed from about 8 hr after shift up to 41°C (data not shown) and continued to be expressed in the nuclei on further culture (Fig. 2C-d) . This expression pattern of myogenin was similar to that in the course of spontaneous differentiation of mononucleated QM-RSV cells at 41°C (Hirayama et al., 1997; Isobe et al., 1998) . Myofibrils were also formed normally within 24 hr and developed along the long axis of myotubes until 48 hr in the homokaryons (Fig.  2C-c) . Thus, when presumptive QM-RSV cells were fused with each other in advance of differentiation, phenotypes of the differentiation appeared normally on shift up to 41°C.
Heterokaryons between presumptive QM-RSV and EAT cells became tubular shape after culture at 41°C (Fig. 2B-a) .
However, myogenin expression and myofibril formation were uniquely disturbed (Figs. 2B-c and 2B-d) . Dots or sometimes bigger aggregations of F-actin were extensively seen after 24 hr-culture at 41°C, even after 48 hr-culture at 41°C (Fig. 2B-c) , although some fibrous bundles remained (arrows in Fig. 2B-c) .
The heterokaryons showed in unique pattern of myogenin expression; myogenin expression were suppressed in most nuclei in the heterokaryons even after 48-hr culture at 41°C (arrowheads in Fig. 2B-d) . Some nuclei, however, expressed myogenin (arrows in Fig. 2B-d) . The myogeninpositive nuclei were always avian ones, not rodent ones (see arrows in Figs. 2B-b and 2B-d) and avian nuclei which were far from rodent nuclei were myogenin-positive. In the contrast, myogenin expression was negative in avian nuclei which were located near rodent ones (small arrowheads in Figs. 2B-b and 2B-d). Furthermore, myofibrils were partly formed in such areas where avian and rodent nuclei were not closely distributed and avian nuclei expressed myogenin (arrows in Fig. 2B-c) . Namely, disturbance of myogenin expression and myofibril formation was observed in areas where nuclei of both QM-RSV and EAT cells were mixed.
Furthermore, it was conspicuous that the cytoplasm of heterokaryons was stained more by anti-myogenin antibodies than homokaryons (compare Fig. 2B-d with 2C-d) .
Similar results were obtained using Balb/3T3 clone A31 mouse fibroblasts or PC12 rat neurogenic cells as a partner to form heterokaryons with presumptive QM-RSV cells (Table I) ; myogenin expression and myofibril formation were also mostly suppressed in the heterokaryons with these cells at 41°C as well.
Disappearance of the differential phenotypes in myotubes of QM-RSV cells by fusion with EAT cells
As described above, myogenin expression and myofibril formation were inhibited at 41°C in the heterokaryons between presumptive QM-RSV cells and non-myogenic cells. These results suggest the existence of inhibitory factors for myogenin expression or myofibril formation in the cytoplasm of non-myogenic cells. Next, EAT cells were fused with myotubes of QM-RSV cells that had already expressed myogenin and formed myofibrils to confirm whether these phenotypes of differentiation were also disturbed.
After QM-RSV cells were differentiated and myotubes were fully formed, the cells were fused with EAT cells by HVJ as in the case of Fig. 1 (Fig. 3) . In the homokaryotic myotubes of QM-RSV cells, which were treated with HVJ without EAT cells, myogenin continued to be expressed in the nuclei and myofibrils were hardly disordered as similar to Fig. 2C (data not shown) . However, in heterokaryotic myotubes between myotubes of QM-RSV and EAT cells, expression of myogenin disappeared in the nuclei . Whereas, the cytoplasm of heterokaryons was stained more with anti-myogenin antibodies than that of control homokaryons.
Myofibrils also became significantly disordered on the fusion with EAT cells (Figs. 3A-c and 3B-c) . Fibrous structures of myofibrils were partly destroyed and some aggregations of F-actin were observed just after fusion reaction (Fig. 3A-c) . On further culture for 48 hr, heterokaryotic myotubes gradually lost their tubular shape and myofibrils were more disarranged in spite of culture at 41°C; fibrous structures of F-actin were almost completely lost and many aggregations were formed (Fig. 3B-c) . Furthermore, the nuclei in heterokaryons were localized somewhat randomly and gathered in the center of the cell (Fig. 3B-b) .
The extinctions of myogenin and myofibrils were also observed in heterokaryons between myotubes of QM-RSV cells and other non-myogenic cells, such as A31 and PC12 cells (Table II) . Thus, myogenin and myofibrils, which had been once expressed or formed in myotubes, were also extinguished by fusion with non-myogenic cells.
Normal differentiation of heterokaryons between QM-RSV cells and myoblasts from different species
In the course of myogenic differentiation in vivo and in vitro, myoblasts always fused with each other, but not with other kinds of co-localized cells, such as fibroblasts and adipocytes. This suggests that reciprocal fusion of myoblasts is essential for normal myogenic differentiation and that the fusion of myoblasts with non-myogenic cells may not be suitable for normal differentiation. The results described above also support this assumption; fusion of QM-RSV cells with non-myogenic cells disturbed myogenin expression and myofibril formation. To confirm this, heterokaryotic myotubes between myoblasts from different species were prepared and the phenotypes of myogenic differentiation were examined.
Presumptive QM-RSV cells were fused with presumptive G8 mouse myoblasts as in Fig. 2 (Fig. 4A) . Fused myoblasts were flat and the distribution of dotlike F-actin was similar to that in the heterokaryons between QM-RSV and EAT cells (Fig. 4A-c) . Myogenin was not also expressed in heterokaryons before induction of the differentiation (Fig. 4A-d) . However, when these heterokaryons differentiated at 41°C, myogenin was expressed in the nuclei of both QM-RSV and G8 cells (arrows and arrowheads in Fig. 4B-d ), myofibrils were formed normally (Fig. 4B-c) , and flat heterokaryons ( Fig. 4A-a) became tubular in shape (Fig. 4B-a) .
Furthermore, by fusion of G8 myoblast cells with the myotubes of QM-RSV cells, the construction of myofibrils and myogenin expression did not disappear (Table II) . It is noteworthy that rodent nuclei, which were in a presumptive state and did not express myogenin before fusion, became myogenin-positive by fusion with myotubes.
In the above studies, myogenin was stained using a mixture of anti-chick and anti-rat myogenin antibodies, because neither antibody cross-reactives with the another. To ascertain whether G8 myoblast cells in a presumptive state really expressed myogenin upon introduction into the cytoplasm of QM-RSV cells, heterokaryons between presumptive or differentiated QM-RSV and G8 cells were stained using either anti-chick or -rat myogenin antibody. The results showed that the nuclei of both QM-RSV and G8 cells in the heterokaryons were also evenly stained by anti-chick or -rat myogenin antibody (data not shown), demonstrating that rodent myogenin from G8 cells was expressed in the heterokaryons with QM-RSV cells, could enter avian nuclei, and that avian myogenin was also transported into rodent nuclei.
Similar results were obtained by use of H9C2 cells, rat myoblasts as a partner to form heterokaryons. Thus, myogenic differentiation was not disturbed even if myoblasts were fused with different species of myoblasts.
Discussion
In myogenic differentiation, myoblasts do not fuse with non-myogenic cells either in vivo and in vitro even if they are co-localized, but heterokaryotic fusion between different myoblasts can occur on co-culture without HVJ (Hirayama et al., 2000b) . This suggests that the fusion of myoblasts with non-myogenic cells may not be suitable for later steps in differentiation or maturation. In fact, the fusion of QM-RSV cells with non-myogenic cells caused the suppression of myogenin expression and myofibril formation (Tables I and II) . On the other hand, fusion with different myoblasts did not cause disturbance of the differential phenotypes (Tables I and II) . These results suggest that nonmyogenic cells have some components that prevent myogenin expression or myofibril formation in their cytoplasm, whereas myogenic cells have a common factor(s) for myogenic differentiation irrespective of species. The results also show that myotube formation with non-myogenic cells is not suitable for myoblasts. It is considered that myoblasts avoid fusing with non-myogenic cells by some mechanism(s) that distinguish non-myogenic cells from myogenic cells.
Phenotypic suppression has been reported in various heterokaryons between myogenic and non-myogenic cells, suggesting regulatory factors of differentiation in the cytoplasm (Ringertz and Savage, 1976; Inge et al., 1980; Wright, 1981 Wright, , 1984 Konieczny et al., 1983; Wright and Aronoff, 1983; Lawrence and Coleman, 1984; Blau et al., 1985) . However, from the apparent disturbance of myogenin expression and myofibril formation in our study, it is noteworthy that partial myofibril formation and myogenin expression were frequently seen in the areas far from the nuclei of EAT cells even in heterokaryotic myotubes between QM-RSV and EAT cells (Figs. 2B-c and d) . This observation suggests that myogenin could be synthesized even in the heterokaryons under some conditions. Furthermore, instead of the nuclei, the cytoplasm in the heterokaryons was stained more than that of homokaryons by anti-myogenin antibodies (Fig. 2B-d) . These findings suggest that transportation of myogenin into the nuclei, but not the regulation of its synthesis, is inhibited by some cytoplasmic factor(s) of non-myogenic cells. Since the nuclear transport is suggested to be related to cytoskeletal components (Singh et al., 1994; Desai and Hyman, 1999; Djabali, 1999; Kahama and Cleveland, 1999) , the effects of cytoskeletons are also considerable to be possible inhibitors of differential phenotypes in heterokaryons. Induction of cytoskeletons from non-myogenic cells into QM-RSV cells by compulsory cell fusion may cause disorder of cytoskeletal systems in QM- RSV cells, resulting in the transportation of myogenin to the nuclei or myofibril formation.
In the heterokaryons between QM-RSV and EAT cells, myogenin-positive nuclei were always avian ones (myogenic nuclei) and never rodent ones (non-myogenic nuclei). This finding suggests that myogenin translated in the cytoplasm of heterokaryons is selectively transported into myogenic nuclei. As myogenin is a nuclear protein, it ought to be transported into any nuclei by its nuclear localization signal. In fact, in the heterokaryons between QM-RSV and G8 myoblast cells, rodent myogenin was detected in avian nuclei and avian myogenin was detected in rodent nuclei, indicating that myogenin can enter the nuclei irrespective of the nuclear species. Nevertheless, myogenin was not transported into the nuclei of EAT cells. This suggests that not only the nuclear localization signal of protein itself but also the nuclear character influence the nuclear localization of proteins.
Many steps in myogenic differentiation including regulation of myogenin expression or construction of myofibrils still remain unclear. We are now analyzing the mechanisms of inhibition of the differential phenotypes in heterokaryons between myogenic and non-myogenic cells in myogenic differentiation. Preliminary data show that microinjection of the cytoplasm of EAT cells into the myotubes of QM-RSV cells do not affect myofibril formation and myogenin expression. 
